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 Abstract. Carrots and red beet were evaluated as a potential substrate for the production of 
lactic acid fermented juices by Lactobacillus acidophilus and Bifidobacterium sp. Both strains were 
found capable to grow on the vegetable juices, but some differences between the dynamics of the 
processes, dependent not only by the culture but by the sort of the raw material, had as consequence 
the production of the final products with different stability degrees. The pH value of the carrot juices 
was decreased from an initial value by 6.45 to below 4.3 after 48 hours of lactic acid fermentation with 
Bifidobacterium sp., respectively to 3.84 after 24hours when Lactobacillus acidophilus was inoculated. 
The last strain has produced a significant increase of the titrable acidity, the fermented carrot juices 
containing 0.7% acids (expressed as lactic acid). In the case of the fermentation of the red beet juices it 
is also recommended the strain of Lactobacillus acidophilus, because the pH value decrease with 2 
units in 24 hours. 
 The best acidification kinetic parameters were determined in the case of the carrot juices 
fermented by Lactobacillus acidophilus. In the same process the value of the R squared coefficient 
showed a strong correlation between the biomass amount and the production of lactic acid. 
 
Keywords: vegetable juices, Lactobacillus acidophilus, Bifidobacterium sp., stability, 
survival. 
 
INTRODUCTION 
 
The lactic acid fermentation of vegetable products, applied as a preservation method 
for the production of finished and half-finished products, is considered as an important 
technology and it is further investigated because of the growing amount of raw materials 
processed in this way in food industry. The main reasons for this interest are nutritional, 
physiological and hygienic aspects of the process (Karovičová et. al., 2003). 
Vegetable juices from the new generation are obtained by controlled fermentation, 
with selected strains of Lactobacillus. The majority of the lactic bacteria used for fermentation 
of vegetable juices are isolated from the human digestive tract and have probiotic 
characteristics (Moraru et. al., 2007). 
Bifidobacteria have been in the spotlight of scientific research since the 1990s. This 
attention has to do with the health-promoting effects of these organisms in humans; because of 
these effects bifidobacteria are often used in probiotic preparations or as target organisms for 
prebiotic substrates (Van der Meulen et. al., 2006). 
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Bifidobacteria are nutritionally less fastidious than lactobacilli. Carbohydrates are 
degraded exclusively and characteristically by the fructose-6-phosphate shunt, and acetic acid 
and lactic acid are major metabolites (De Vries et. al., 1967). 
From the physiological point of view, the strains of the Lactobacillus acidophilus were 
characterized as lactic acid bacteria with strictly homofermentative metabolism (> 85% lactic 
acid). The hexoses are fermented preferential via Embden – Meyerhof – Parnas (EMP), due to 
the potential of the strains to produce aldolase and phosphoketolase; then are fermented the 
pentoses and the gluconate (Costin et. al., 2005). Lactobacillus acidophilus LAB isolated 
from the human feces or intestine are thought to have beneficial effects on health and 
particularly useful probiotic bacteria like the Bifidobacterium group of bacteria (Saito, 2004). 
The probiotic juices represent an alternative to dairy products that suits consumers 
who don't want to eat dairy foods or are lactose intolerant. Adding probiotics to juices is more 
complex than formulating in dairy products where the bacteria can be easily added to other 
cultures (http://www.dairyreporter.com). 
 
MATERIAL AND METHODS 
 
Fermentation substrate 
Fresh vegetables (carrots and red beet) were bought from the local free vegetable 
market of the Dambovita County (Romania) in the period January - March 2009. The 
vegetables were specifically processed by washing, scrubbing and removing non-edible 
pieces. Fresh vegetable juices were obtained by extracting the juice from the raw materials 
using a kitchen juicer. The juices were thermal treated at 800C/10min with a view to destroy 
the undesirable microorganisms and cooled to 400C. 
Microorganisms  
Two Christian Hansen single strain cultures containing Bifidobacterium BB12, respectively 
Lactobacillus acidophilus LA-5 were used for the vegetable juices fermentation. Both lyophilized pure 
cultures were characterized as thermophilic lactic culture. The initial number of bacteria was 
ranged between 105 – 106CFU/ml. The fermentation temperature was 370C (the optimum 
temperature for these strains).  
Process performing 
Each lyophilized pure culture was aseptically added, in proportion of 0.2g/l, to the 
carrot juice, respectively to the red beet juice, and vigorous homogenized for 15 minutes. 
There were four experimental batches of juices, as following: P1 – carrot juice inoculated with 
Bifidobacterium BB12; P2 – red beet juice inoculated with Bifidobacterium BB12; P3 – carrot 
juice inoculated with Lactobacillus acidophilus LA-5; P3 – red beet juice inoculated with 
Lactobacillus acidophilus LA-5. 
100ml juice from each experimental batch was distributed in sterile tubes. The 
anaerobiosis was created by covering the cotton stopper of the tube by metal folia. Each tube 
represented a single sample and the experiments were performed in double.  
The lactic acid fermentation was performed in a thermostat at 370C during 48 hours. 
The samples were investigated during the lactic acid fermentation through chemical analysis 
at 2, 4, 6, 8, 24 and 48 hours. Samples were taken at regular intervals and the colony-forming 
unit (CFU) or the cells number was determined. 
Assays 
The pH was measured with a HACH pH-meter. Reducing sugars were analyzed using 
a spectrophotometrical method with 3,5-dinitrosalicilic acid (DNS) after defecation with basic 
lead acetate. The results are expressed as g glucose/100ml. Titrable acidity, expressed as g 
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lactic acid/100ml, was determined by titration with NaOH 0,1N in presence of 
phenolphthalein (in the case of the carrot juice), respectively in the presence of bromthymol 
blue (in the case of the red beet juice). 
The count of L. acidophilus was determined by plate count method using Man–
Rogosa–Sharpe agar, enriched with cysteine, and incubation at 37 °C for 48h. Generally, all 
samples were prepared in serial tenfold dilution before culturing. The results were expressed 
as CFU/ml juice. 
The bifidobacteria amount was directly counted on the microscope using a Burker-
Turk counting chamber and expressed as cells/ml juice. 
 
RESULTS AND DISCUSSION 
 
 The thermal treatment of the vegetable juices at the above mentioned temperature was 
reduced the contaminant microorganisms under the detection limit. 
 The dynamics of the accumulation of organic acids, expressed as lactic acid, 
respectively the decrease of the pH during lactic acid fermentation of the vegetable juices 
inoculated with different strains of bacteria can be followed in Fig. 1 and Fig. 2. 
 The correlation between these two parameters is important from the sensorial point of 
view on the one hand, respectively from the stability of the final product on the other hand. 
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Fig. 1a. and 1b. The dynamics of the pH values and lactic acid content of juices during lactic acid fermentation 
with Bifidobacterium BB 12 (carrot juice and red beet juice) 
 
 In the first 24h of fermentation the pH values were subtracted with 2.14 unities in the 
case of the carrot juices, respectively with 1.76 unities in the case of the red beet juices (Fig 
1a. and 1b.). 24 hours later no significant changes were registered concerning this parameter.  
 After 48 hours of lactic acid fermentation of the carrot juices with Bifidobacterium BB 
12, a minimum pH value about 4.28 was obtained, value which has remained unchanged until 
90 hours. In correlation with a total acidity expressed as lactic acid about 7.4g/l, it seems that 
the value of the mentioned parameter was sufficient for ensure the microbiological stability of 
the final product. From the sensorial point of view, the acidity was evaluated as moderate, 
while a residual content of reducing sugars about 2.7g/100ml has contributed to a pleasant 
taste of the fermented carrot juices. 
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 In the case of the red beet juices, the pH value was increased from 4.41 to 4.49 in the 
interval 24-48 hours, this tendency being also continued. A very little increase of the titrable 
acidity to the value by 5.29 g/l was determined in this period. Although the values of the 
acidity of all the vegetable juices at the initial moment of fermentation were much closed 
(about 1g/l), after 2 days the difference between the samples was by 2.05 g/l. The highest 
acidity of the fermented carrot juices and the time relative short to reach the pH value about 
4.2 (time to complete the fermentation according Oliveira et. al., 2009) in comparison with the 
red beet juices fermented with the same strain of Bifidobacterium BB 12, has showed that the 
chemical composition of the red beet exercise an inhibitory action on the useful bacteria. The 
preservation of the red beet juices fermented 48 hours can be ensured through thermal 
treatment, but this way the viability of bifidobacteria become null and the probiotic quality of 
these juices is also cancelled.  
 The inhibitory action of the red beet juices was more obviously on Lactobacillus 
acidophilus LA-5 (Fig. 2a. and 2b.), because in the first 24 hours the acidity was with about 
1.6g/l lesser than in the case of the fermentation with the strain Bifidobacterium BB 12. 
 It is known that the metabolism of Lactobacillus acidophilus is directed to the lactic 
acid production, aspect obvious in the fermentation of the carrot juices. In the interval 0-24 
hours the pH was decreased from 6.31 to 3.84, while the titrable acidity increases with 6.38g 
lactic acid/l. The number of the viable lactic acid bacteria was increased in the first 8 hours of 
fermentation from 7.5 lg CFU/ml to 11.33 lg CFU/ml. But until 24 hours, this parameters 
decrease to 8.37 lg CFU/ml, due to the inhibition of the acid environment on the survival of 
the useful bacteria.  
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Fig. 2a. and 2b. The dynamics of the pH values and lactic acid content of juices during lactic acid fermentation 
with Lactobacillus acidophilus LA-5 (carrot juice and red beet juice) 
 
If the dynamics of the lactic acid was approximately linear in the fermentation of the 
carrot juices with Lactobacillus acidophilus LA-5, not the same trend was registered in the 
fermentation of the red beet juices. In the last case, after an increase of the titrable acidity with 
about 2g/l in the first 4 hours, a lightly ascending level was observed in the next period of the 
lactic acid fermentation process, until 24 hours. Although the acidity of these samples was 
only about 4.14g/l after 48 hours, in comparison with the acidity about 5.29g/l in the case of 
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the red beet juices fermented with Bifidobacterium BB 12 in the same interval of time, the pH 
values of the first batches were more advantageous for the stability of the final products. This 
situation is due to the acetic acid production by Bifidobacterium sp. Consequently, the final 
pH about 4.28 after 24 hours of lactic acid fermentation of the red beet juices with 
Lactobacillus acidophilus LA-5 was represented a guarantee for a medium stability of the 
final products (about 1 week at 22-24 degrees C). The number of the viable cells of 
Lactobacillus acidophilus was increased in the first 8 hours of fermentation from 8.71 lg 
CFU/ml to 10.7 lg CFU/ml. As in the case of the fermentation of the carrot juices, this 
parameter was decreased until 24 hours to 8.22 lg CFU/ml. 
Analyzing comparatively the lactic acid fermentation of the carrot juices with the two 
different strains, it can be concluded that in both the batches P1 and P3 the pH decreases 
enough rapidly for ensure the stability of the final products. The lactic acid amount of the 
samples after 48 hours was much closed, although in the case of the fermentation with 
Lactobacillus acidophilus LA-5 the evaluated parameters - pH and titrable acidity - were 
attained only in 24 hours.  
 The lactic acid fermentation of the red beet juices (samples P2 and P4) lead to 
acceptable values of pH - from the preservation point of view - only in the case of inoculation 
with Lactobacillus acidophilus LA-5, after 48 hours. In this interval the mentioned indicator 
was decreased with about 2 units, while the titrable acidity was registered an increase with 
283.3%. 
 In all the analyzed samples, the number of viable cells at the end of the fermentation 
was highest in the case of lactic acid fermentation of vegetable juices with Lactobacillus sp. 
 The differences concerning the dynamics of the pH values of the carrot juices and the 
red beet juices are also obvious analyzing the data from the Tab. 1. These differences are 
however diminished in the case of the juices fermented with Lactobacillus acidophilus (P3 
and P4). The maximum rate of acidification vmax was calculated as the time variation of pH 
(dpH/dt) and expressed as pH units/min. Other kinetic parameters were also calculated: time 
to reach vmax (tmax, hours), time to reach pH 5.0 (tpH 5,0, hours), time to complete the 
fermentation (tpH 4,2, hours) (Oliveira et. al., 2009). 
 Tab 1  
Acidification kinetic parameters of fermentation of vegetable juices by Bifidobacterium BB 12 and Lactobacillus 
acidophilus LA-5 
 
Sample vmax·103 
(units/min.) 
tmax (h) tpH 5,0 (h) tpH 4,2 (h) 
P1 5.3 4 4.76 - 
P2 3.5 2 5.77 - 
P3 8.25 2 2.7 5.39 
P4 8 2 2.95 - 
 
 The time to reach pH 5.0 (tpH 5,0, hours) in the lactic acid fermentation of vegetable 
juices with Bifidobacterium sp. was about 1 hour highest in the case of the sample P2 (red 
beet juice). The maximum rate of acidification vmax was also unfavourable from the viewpoint 
of juices preservation. 
 Irrespective of the vegetable substratum, the values of the kinetic parameters were 
closed, if the process was performed with Lactobacillus acidophilus LA-5. Exception is the time 
to complete the fermentation (tpH 4,2, hours), the pH value about 4.2 being reached only in the 
case of lactic acid fermentation of the carrot juices.  
The correlation between the biomass amount and the production of lactic acid (Fig. 3a. 
and 3b.) in the case of lactic acid fermentation of vegetable juices with Lactobacillus 
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acidophilus in the first 24 hours, was described using the Luedeking & Piret model (Rakin et 
all., 2004).  According to this model the instantaneous rate of lactic acid formation (dP/dt) can 
be related to the instantaneous rate of bacterial growth (dN/dt), and to the bacterial density 
(N), throughout fermentation at a given pH, by the expression: 
dP/dt = α dN/dt + β N 
where the constants α and β are determined by the pH of the fermentation.  
A simplified presentation of the above model relates to the linear part of the equation 
which is presented as: 
(p – p0 ) = α (x – x0) 
where p0 and p are the concentrations of lactic acid (g/l) initially and at time t, 
respectively, and x0 and x are the increases of the biomass (lg CFU/mL) initially and at time t, 
respectively. 
R2 = 0,9989
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Fig. 3a. and 3b. Production of lactic acid by Lactobacillus acidophilus LA-5 growing on carrot juices and red 
beet juices 
  
 The R squared coefficient closed by the ideal value ‘’1’’ (R2 = 0.9989) in the case of 
the carrot juices fermented with Lactobacillus sp. shows a better linear correlation, 
respectively a strong connection between the lactic acid production and the lactic acid bacteria 
growth. Not the same situation was registered in the lactic acid fermentation of the red beet 
juices with the same strain. The highest value of the undetermination coefficient (1 – R2) it is 
caused by the increase of the lactic acid amount in the first 4 hours, followed by a steady 
interval of evolution of this parameter, aspect emphasized also from the data showed in Fig. 
2b. From the other hand, according Amarane et. all. (1999), the deviations from the linear 
dependence are mostly caused by nutritive limitations of the substrates, and are related to the 
specific bacterial species. 
 
CONCLUSIONS 
 
The carrot and the red beet juices represent suitable and alternative food matrices for 
the production of functional foods with Lactobacillus acidophilus and Bifidobacterium sp. 
tested. This quality is given firstly by the number of viable useful bacteria at the end of the 
lactic acid fermentation. This moment of time is different from one strain to another, 
respectively from one vegetable substrate to another. Both strains were showed a growth 
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capacity in vegetable juices without nutrients added, which highlights that the nutrients are 
available in acceptable forms and in optimal concentrations in the tested vegetable juices. 
The improvement of the dynamics of the lactic acid fermentation of the red beet juice 
by Bifidobacterium BB 12 is however necessary, due to the slowly decrease of pH, a value 
about 4.5 being reached only after 48 hours. 
The growth of Lactobacillus acidophilus LA-5 on the carrot juices was more rapidly 
than on the red beet juices. The inhibitory action of the last substrate was underlined by a pH 
value with 0.5 units highest after 24 hours of fermentation, respectively by a titrable acidity, 
expressed as lactic acid, about 50% lowest in the same interval of time. However, 
comparatively with the lactic acid fermentation of the red beet juices with bifidobacteria, this 
one led to final products with a better stability. 
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